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o\ 

R. B. rOpteB 
> 

O. 
| 7 | ■ funct-an/yymmxxx 

(N 



> 



O 
O 



* 



KaK noKa3i.iBaeT hctophh MaTeivraTHKH, noHCK penieHHe "^jikhx", ho BHy- 



TpeHHe KpacHBbix 3a^a^i HMeeT no^ac SojiBniyio 3HaMHMocTL, ^ieM to^hbic 



OTBeTBI K KOppeKTHO C(f)OpMyJIHpOBaHHBIM "py^HBIM" npoSjieMaM. 0/IHOe H3 

TaKHx "^hkhx" 3a,a;aM HBJiaeTca KJiaccH(|)HKau;Ha nap jiHHeeHBix onepaTopoB 
b (|)HKCHpoBaHHOM jiHHeeHOM TonojiorH^ecKOM (^;a>Ke KOHeMHOMepHOM) npoc- 
q^ [ TpaHCTBe. HecMOTpa Ha HBHyio TpaHcneH^eHTHocTb aToe 3a^;a^H (h bo mho- 

tom b cHJiy aToro), "otSjicck eft cnaiomero nijiee<|>a" - aHajiH3 pa3JiHMHbix 
mhcjiobbix h ajireSpaa^iecKHX xapaKTepncTHK nap onepaTopoB - npe^CTaBJiaeT 
HecoMHeHHbie Hnrepec KaK c aScTpaKTHoe, TaK h c npHKJia^Hoe tomck 3peHns. 
H ecjiH o6pamHafr 3adaua meopuu npedcmaejienue 3aKJiioMaeTCH b BoccTaHOBJie- 



hhh ajireSpaHMecKoro o6T>eKra no 3a,a,aHHOMy ceMeecTBy "npe^CTaBJiaiomHx" 
onepaTopoB (MaTpHn,)(cM.Hanp. [1]), to pa3yMHO noncK pa3JiH^HBix CTpyK- 
Typ, HBJiaioniHXCH aJireSpaHMecKHMH, reoivreTpHMecKHMH h reoMeTpoaJireS- 
paH^iecKHMH xapaKTepHCTHKaMH 3a^;aHHoro ceMeecTBa onepaTopoB (MaTpHn,) 
othochtl k paciuupeHHOMy moAKoeanwo oSpaTHoe 3a^;aMH. HaHHaa paSoTa 
nocBjnneHa nepBOHaMajibHOMy H3yMeHHio pa^a no,a;o5HBix xapaKiepncTHK ^jih 
napbi onepaTopoB. 

OSnpie njiaH paSoTbi TaKOB. Ilapa onepaTopoB xapaKrepH3yeTca HeKo- 

TOpBIM aJireSpaHMeCKHM oSteKTOM, CBOHM "HHBapHaHTOM", thSph^om JIh 

(jiHHeeHbiM npocTpaHCTBOM, ocHaniftHHBiM napoe corjiacoBaHHbix ckoSok JIh). 
B onpe^ejiftHHOM cMBicjie yKa3aHHtie oSteKT moscho cMHTan, "cTa6HJiH3a- 
topom" HH({)HHHTe3HMaJiBHoro ^eecTBHH ,a;pyroro aJireSpaH^ecKoro o6T>eKra, 
nceB^orHSpH^a JIh (jiHHeeHoro npocTpaHCTBa, ocHainHHHoro napoe corjiaco- 
BaHHBix CTpyKTyp nceB^oajireSp JIh [2]) Ha napax onepaTopoB. Corjiaco- 
BaHHOCTB CTpyKTyp nceB^oajireSp JIh 03HaMaeT, hto jiioSaa jiHHeeHaa kom- 
6HHau,HH cooTBeTCTByiomnx CTpyKTypHBix (f)yHKnHe CHOBa 3a^aftT CTpyKTypy 
nceB^oajireSpbi JIh. TaKHM o5pa30M, Ha napax onepaTopoB 3a,a;aHo ^Bynapa- 
MeTpHMecKoe ceMeecTBo ^eecTBHe nceB^oajireSp JIh. Bojiee toto, Ha opSnTe 
nceBflornSpHna JIh 3a^;aHo ^eecTBHe HeKOTopoe Sojibniee nceB^oajireSpbi JIh 
(rpH(|)OHa flaHHoe opShtbi), nojiy^aeMoe nyTftM ^oSaBJieHHa k ^eecTBHHM nceB- 
^oaJireSp JIh, cooTBeTCTByionrHX nceB^orHSpH^y JIh, KOMMyTaTHBHoro ceMeecTBa 

T.H. SKBHTHSpH^HBIX BapHanHe. 



TaKHM o6pa30M, napa onepaTopoB Moa;eT Sbitb oxapaKTepH30BaHa KaK 
CTpyKTypoe cooTBeTCTByioroero rnSpH^a JIh, TaK h reoMeTpHMecKHMH CBoec- 
TBaMH eft opShtbi h reoMeTpoajireSpaHMecKHMH cBoecTBaMH OTBeMaiornero ee 
rpH(f)OHa, a TaioKe acconHHpoBaHHoro c hhm ceMeecTBa H30TonHBix Jiyn [3,4] 
(cm. TaioKe [2]) h hx MyjitTHajireSp CaSHHHHa-MHxeeBa [5]. 

Onpe/i;ejieHHe 1. 

A. ru6pudoM JIu Ha3biBaeTca JiHHeeHoe npocTpaHCTBo V, CHa6>KftHHoe na- 
poe corjiacoBaHHBix ckoSok JIh [•, •]' h [•, •]" (corjiacoBaHHOCTB osHa^aeT, hto 
jiioSaa jiHHeeHaa KOMSHHanna bthx ckoSok TaioKe aBJiaeTca ckoSkoc JIh) 

TaKHX, MTO 

(VX, Y, Z G V) [[X, Z}', Y]" + [[X, Y}', Z]" + [[Z, Y}' , X]" = 

[[x, zy\ y]' + [[x, y]», zy + [[z, y]'\ xy. 

B [6]. Ilapa jiHHeeHBix npocTpaHCTB (Vi,^) Ha3BiBaeTca u3omonuuecKoe 
napoe, ecjin onpe^ejieHbi OTo6pa>KeHHa mi : V 2 ® /\ 2 V\ h Vi h m 2 : V\ ® 
A 2 V 2 i-> V 2 TaKHe, mto ckoSkh (X,Y) ^ [X,Y] A = mi(A,X,Y) (X,Y e V 1 , 
A e V 2 ) h (A B) h-> [4,5] x = m 2 (X,A,B) (A,B G V 2 , X e Vi) hbjihiot- 
ch corjiacoBaHHBiMH CKoSnaMH JIh npn pa3JiHHHBix 3HaMeHHax no^CTpo^HBix 
napaMeTpoB, Sojiee Toro 

[X,Y] [AjB]z =±([[X,Z] A ,Y] B + [[X,Y] A ,Z} B + [[Z,Y] A ,X} B - 
[[X, Z] B , Y] A - [[X, Y] B , Z] A - [[Z, Y] B ,X] A ) 

H 

[A, B] [x , Y]c =±([[A, C\x, B] Y + [[A B] x , C] Y + [[C, B] x , A] Y - 
[[A, C] Y , B] x - [[A, B] Y , C]x - [[C, B] Y , A] x ), 

me (X,Y,ZeV u A,B,CeV 2 ). 

Ecjih q - - ajireSpa JIh, to (q, R) aBJiaeTca H30TonHMecKoe napoe. 

IlycTB H - JiHHeeHoe TonojiorH^ecKoe npocTpaHCTBo, Tor^a (Vi,V 2 ) (V~i ~ 
V 2 ~ End(-ff)) Ha^ejiaeTca ecTecTBeHHoe CTpyKTypoe H30TonH^ecKoe napbi 
(onepamopnoe u3omonuuecKoe napu: [X, Y] A — XAY — YAX, [A, B] x = AXB — 
BXA (\/X,Y G V\, VA,B G V 2 )). KoHe^HOMepHyio onepaTopHyio H30Torn/ra- 
ecKyro napy 6y,a;eM Ha3tiBaTB TaK>Ke MampuHuoe u3omonuHecKoe napoe. 

3aMenanue 1. Ka>K,a,oMy rnSpn^y JIh V OTBe^aeT H30TonHMecKaa napa (V, R 2 ) 
c TpHBHajiBHBiMH cKoSKaMH b R 2 h vice versa. 

IlycTB (Vi, V 2 ) - - H30TonHMecKaa napa, 21 - JiHHeeHoe no^npocTpaHCTBO b 
V 2 . nojio>KHM 2U = {X G Vi : (VA,B G 21) [A,B] X G 21}, 2l T = {X e Vi : 
(VA,SG2t) [A,B] x = 0}. 

TeopeMa 1A. JJjist npou3eoAbHoe u3omonuHecKoe napu (V"i,V2) u Jiuneenozo 
nodnpocmpancmea 21 C V 2 napu (21', 21), (21', 21) u (2l'/2l',2l) o6jiadawm ec- 
mecmeeHHUMU cmpyKmypaMU u3omonuuecKux nap; npu amoM (21', 21) u (21', 21) 
donycKawm ecmecmeenHue eAootcemifr e (V~i, V 2 ). 

IlycTB (V"i,V2) - - npoH3BOJibHaa H30TonHMecKaa napa h 21 = (A, B) - jih- 
HeeHoe npocTpaHCTBo, HaTaHyToe Ha ^sa ajieMeHTa A h B h3 V 2 . IIojiojkhm 
a(A, B) = dim2U, a (A, B) = dim^/^. 
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TeopeMa IB. ao(A,B) = 0,1,2. Ecjiu ao(A, B) = 1, mo u3omonuuecKasr na- 
pa (21, 2t'/2l') frejifremcfr ecmecmeennoe u3omonuuecKoe napoe, accou,uupoean- 
noe c ajize6poe JIu aff(IR 1 ) zpynnu appunnux npeo6pa3oeanue npffMoe. Ecau 
ao(A, B) = 2, mo u3omonuHecKafr napa (21, 2l'/2l') coenadaem c napoe Oki/6o 

(R 2 ,R 2 ) [1]. 

TeopeMa IB. Ecau (Vi, V2) - - npou3eoAbnafr u3omonuuecKafr napa, A u B - 
dea BAeMenma U3 V2 u 21 = (A,B), mo 21' nadeAfremcfr ecmecmeeHHoe cmpi/K- 
mypoe zu6puda JIu, a umchho (\/X, Y G 2U) [X, Y]' = [X, Y] A , [X, Y}" = [X, Y] B . 

PaccMOTpHM KOHe^HOMepHbie cjiy^ae. 

FEpHMep 1. Ecau A u B dee Mampuu,u 2x2, mo a(A, B) paeno 4, ecAU amu 

MampuUgbi nponopu,uoHaAbHU, u 2 unane. Ecau A = I , J u B — I , 

Henponopu,uoHaAbHU, mo zu6pud JIu 21' nopootcdaemcsr Mampuu,aMU 

de — ah af — be\ I dg — ch cf — bg 

ag — ce J \ ag — ce 

u mpueuaAen (m.e. o6e cko6ku moziedecmeenno paenu nyAw). Ecau A u B npo- 
nopu,uoHaAbHbi, mo zu6pud JIu 21' peaAU3yemcfr e npocmpancmee ecex Mampuu, 
2 x 2 u nempueuaAen (o6e cko6ku nponopu,uonaAbnu dpyz dpyzy u UMetom eud 
(X, Y) h-> XAY - YAX uau XBY - YBX (X, Y G Mat n (R)j. 

AHajiorHHHO Mo>*ceT Sbitb oScMHTaH MeHee TpHBHajiL.HL.ie cjiyMae n = 3. 
3a,a;aMa Haxo>K,zieHHH 21' h 21' npn npoH3BOJiBHOM n HBJiaeTca JiHHeeHoe h jierKo 
nporpaMMLipyeMoe . 

3aMeuaHue 2. Ecjih 21 = (A, B) h 21' = (CAD,CBD), r^e C,D e GL(n,R), to 

21' H (21')' H30MOp(f)HBI KaK TH6pH,ZLL>I JIh. 

3aMeuaHue 3. n yC TB F G Mat n (R), f)(F) = (F)' = {X e Mat n (R) : [X,F] = 0}, 
Toryia f)(-F) Ha^ejiaeTCH ecTecTBeHHoe CTpyKTypoe rnSpH^a JIh go cKoStcaMH 
[X, Y]' = [X, Y}= XY -YX m [X, Y]" = F[X, Y] = [X, Y]F = XFY - YFX. 
llycTB A e GL(n, R), B G Mat n (R), 21 = (A,B), Tor^a oTo6pa>KeHHH X i-» XA, 
X 1— ► AX 3a^iaiOT H30Mopc|)H3M 21' Ha t)(A~ 1 B) h (j(I?A _1 ), cooTBeTCTBeH- 
ho. IlycTB A, B G Mat n (R) h cyniecTByeT MaTpHLia F TaKaa, mto AF = S 
(FA — B), 21 = (A,B), Tor,na OTo6pa>KeHHe X 1— ► XA (X 1— ► AX) 3a,ziaHT 
9nHMOp(f)H3M 21' Ha t)(F). 

PaccMOTpHM SecKOHeMHOMepHBie cjiy^iae. IlycTB 6a3HCHoe JiHHeeHoe npoc- 
TpaHCTBo - - npocTpaHCTBo MHoro^JieHOB o^Hoe nepeMeHHoe x. 

FEpHMep 2. Ecau A = -j^ u B = x, mo zu6pud JIu nopootcdaemcfr dutptpepen- 
u.uaAbHUMU onepamopaMU P , Aeeue cuMeoA Komopux P(x, ^) ydoeAemeoptrem 
duppepeHU,uaAbHOMy ypaenenuio 

p" +x p! c + ZP' + p = o. 



3a<puKcupyeM 6a3uc e n = x n f n (x-^) e npocmpancmee peiuenue. $ynKU,uu f n (0 

(2fc-l)!! 

(2fc+n)!!-' 



UMeiom eud f(2k) = L, . I]] , f n (2k + 1) = 0. B 6a3uce e n KOMMymau,uonnbie 



coomnoiueHiur e zu6pude JIu 3adawmcfr (fiopMyjiaMU 

0, ecjiH m + n G 2Z, 

[em,e n \ = { e n+m± i, ecuH m E 2Z + 1, n E 2Z, 
— e n + m ±i, ecjiH m G 2Z, n G 2Z + 1,. 

Jmok tvitoc omeeuaem cko6kc [-, ■]' , a 3hcik Munyc -- cko6kc [•, •]". 

Otmcthm cjie^yiomHe (j)aKT. Ecjih 1/ - thSph^; JIh co cKoSnaMH [•, •]' 
h [•,•]", to jiHHeeHoe npocTpaHCTBo 6(V) = V @V Ha^ejiaeTca CTpyKTypoe 
ajireSpbi JIh c KOMMyTaTopoM 

[(X 1 ,Y 1 ),(X 2 ,Y 2 )] = 

([x 1 ,x 2 ]" + i([x 1 ,y 2 ]'-[x 2 ,y 1 ]'),[Y 1 ,y 2 ]' + i([y 1 ,x 2 ]"-[y 2 ,x 1 ]")). 

Onpe^ejieHHe 2. Pl30TonH^ecKaa napa (Vi,V2) Ha3BiBaeTca KOHmpazpeduen- 
rrmoe, ecjiH Vi = V 2 *, F 2 = V]* h rsir jiioSbix A,Bg V2, X, 7 G 7i BBinojiHaeTca 
ueno^Ka paBeHCTB: 

([X,Y] B ,A) = - {[X,Y] A ,B) = {[A,B) X ,Y) = - {[A,B] Y ,X) , 

rp,e (•, •) — ecTecTBeHHoe cnapHBaHne V\ h V2. 

3aMenanue 4. KoHe^HOMepHaa onepaTopHaa HsoTonH^ecKaa napa aBJiaeTca 
KOHTparpe^HeHTHoe . 

Onpe^ejiHM rsisl KOHTparpe^HeHTHoe H30TonHMecKoe napti (Vi,V2) 4-4>op- 
My O : /\ 2 Vi <g> /\ 2 V 2 ^ R: 

fi(A,B;i,y) = ([i,y] B ,4> = -([i,y],,B) = ([ab]i,f> = -(Kfi]y^>. 

3aMeuanue 5. BBH,ay HeBBipo>*c^i;eHHOCTH cnapnBaHHa Vi®V 2 1— > R onpe^ejieHBi 
onepaTopbi i?^ : /\ V^ 1 — > /\ Vj TaKHe, hto 

R[1\X AY),AAB\ = tt(A,B;X,Y) = /x AY,Rff(AAB 

IIpH 9tom onepaTopbi Rq conpa>KeHBi ,a;pyr ^.pyry h aHTHHHBOJiiOTHBHBi: 
4 2) = (i#>)*, i#> = (4 2) )*, (R$r = -id- 

3aMeuaHue 6. IlycTB (V~i, V 2 ) -- npoH3BOJibHaa KOHTparpe^HeHTHaa H30TonHM- 
ecKaa napa, A, B G V 2 , 21 = (A,B), i-oiyia 21' = kerfi^s, r^e 0,a,b(-,-) = 
Q(A,B;-,-). KaK cjie^CTBHe, codiiriEnd(Vi) 21' — mhtho. 

3aMeuaHue 7. IlycTB A G GL(n,R), B E Mat n (R), it : I h XAw.jiw.AX 
(X G Mat n (K)), Tor^a ^A,s| Mat7i ( M )/ a ? = 7r*^Kir(-F) -- oSpaTHtie o6pa3 c|)opMbi 
KnpHJiJioBa [7,8] k opSnre (Ko)npHcoe,a;HHeHHoro npe^CTaBJieHHa rpynnti JIh 
GL(n, R) tomkh F (F = A~ X B hjih SA _1 ) b 9Toe tomkc. 
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Onpe^ejieHHe 3. 

A [2]. IIceedoaAze6poe JIu bcktophbix nojiee Ha MHoroo6pa3HH M Ha3BiBa- 
eTca TpoeKa (g,m, r), r^e g -- JiHHeeHoe npocTpaHCTBo, r G Hom(g, Vect(M)), 
m G Map(M, Hom(/\ g,g)), npnMHM m h r corjiacoBaHBi Me>K^y coSoe, a HMeH- 
ho, ecjiH nojio>KHTB [X,y] a = m{a)(X, Y) (X, Y G g, a G M), to [t(X), r(Y)](a) = 

r([x,y] a ). 

B . IIceedozu6pudoM JIu bcktophbix nojiee Ha MHoroo6pa3HH M Ha3BiBaeT- 
ca JiHHeeHoe npocTpaHCTBo g, ocHamHHHoe ^ByMa corjiacoBaHHBiMH CTpyicry- 
paMH nceB^oajireSp JIh (Q,m',T') h (Q,m",r"). CorjiacoBamiocTB 03HaMaeT, 
™ [r'(X),r"(Y)](a) + [r" (X) , r' \Y)](a) = t'([X,Y}>^ + r"([X 1 Y]' a ) (X,Y G g, 
aeM) 7 r A e [X,Y]' a = m'(a)(X,Y) h [X,Y]% = m"(a)(X,Y). 

Ecjih (Q,m,T) - nceB^oajireSpa JIh bcktophbix nojiee Ha MHoroo6pa3HH M, 
to 6y^;eM tobophtb, mto g ^eecTByeT Ha M; aHajiorHMHo, ecjiH (g, m', m", r', r") 
- nceB/i,orH6pH/i, JIh bcktophbix nojiee Ha MHoroo6pa3HH M, to SyneM tob- 
ophtb, mto g .neecTByeT Ha M. Otmcthm, mto ecjin (Q,m / ,m",r / ,r") - - nceB- 
/torHSpH/i JIh, to ,h,jih jiioSbix Ah/i TpoeKa (g,WA, M , T\^) (toa, m = Xm' + fxm" , 
t\,h = At' + jttr") HBJiaeTca nceB^oajireSpoe JIh; TaKHM o6pa30M, ^eecTBne 
nceB^orHSpH^a JIh Ha (frnKcnpoBaHHOM MHoroo6pa3HH 3a,n;aHT ^BynapaMeT- 
pHMecKoe ceMeecTBo nceB^oajireSp JIh (g,mA, M , ta,^) bcktophbix nojiee Ha 

HHM. 

IlycTB (Vi,V2) - npoH3BOJiBHaa H30TonHMecKaa napa. IIojio>khm Wi = 
Vi®Vi. 

TeopeMa 2A. V\ deecmeyem kok nceedozu6pud JIu na W<i (u Hao6opom, V2 deec- 
meyem kok nceedozu6pud JIu na W\): 

t'(X)(A, B) = ([A, B] x , 0), t"(X)(A, B) = (0, [A, B] x ) 
r'(A)(X,Y) = ([X,Y] A ,0), r"(A)(X,Y) = (0,[X,Y] A ) 



(X, Y G fi, A,BG f2y); np« amoM 






[X,Y][ AtB) = [X,Y] B , 
[A,B(\[ XtY) = [A,B] Y , 


[ X i Y ](A,B) ~~ 

[A,B]( Xi y) = 





3aMeuaHue 8. Ecjih KOHeMHOMepHBie nceB^orHSpH^i, JIh g ^eecTByeT Ha kohcm- 
HOMepHOM MHoroo6pa3HH M, to Ka>K^aa nceB^oajireSpa JIh bcktophbix nojiee 
Ha M H3 cooTBeTCTByiomero ^BynapaMeTpHMecKoro ceMeecTBa nceB^oajireSp 
JIh 9KcnoHeHHHpyeTca ro nceB,no(KBa3H)rpynnBi JIh npeopa30BaHHe M [2- 

4,9]. 

Onpe^ejiemie 4. 

A. Op6umoe nceB^oajireSpBi JIh (Q,m,T) bcktophbix nojiee Ha mhotoo- 
6pa3HH M Ha3BiBaeTca MHHHMajiBHoe no^MHoroo6pa3He A^ TaKoe, mto t(q) C 
Vect(AT). 

B. Op6umoe nceB^orHSpH^a JIh (g, m', m" ', r', t") bcktophbix nojiee Ha mho- 
roo6pa3HH M Ha3BiBaeTca MHHHMajiBHoe no/iMHoroo6pa3He A^ TaKoe, mto 
r , (g) + r // (g)CVect(iV). 

3aMenanue 9. Ujih npoH3BOJiBHoe H30TonHMecKoe napBi (Vi, V2) npocTpaHCTBo 
Wi /tonycKaeT (Vi, m^^, TA, M )-9KBHBapHaHTHoe paccjioeHHe V\^ Hajj 6a3oe Vi 
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c npoeKHHee p : Wi i— »■ V2, r^e p(A, £?) = AA + ^S, cjioe U(C) Ha^ tomkoS C 
H30MopcpeH V2 ^Jifl JiioSoro C. Ha jiioSom cjioe U(C) .neecTBHe nceB^oajireSpbi 
JIh (Vi, m> )M , T\ ifl ) pe/tyu,HpyeTca ,no .neecTBHH ajireSpBi JIh 1(C), peajnoyeMoe 
b npocTpaHCTBe V\ c noMonrBio [•, -]c, U(C) ~ l*(C). TaKHM o6pa30M, opShtbi 
^eecTBHa nceB^oajireSpbi JIh (Vi, m\ jfJ ,, ta ;M ) Ha JV2 coBna^aiOT c opSnraMH 
KonpHcoe^HHHHHBix npe,ncTaBJieHHe ajireSp JIh 1(C). 

3aMeHanue 10. Una. MaTpnMHoe H30TonHMecKoe napBi (Vi, V2) opShtbi ^eecT- 
BHfl nceB^;orH6pH^;a JIh Vi Ha Wi coBna^aiOT c opSnraMH .neecTBHs GL(n, R) x 
GL(n,R), onncaHHoro b 3aMe^aHHH 2. 

TaKHM o6pa30M, KacaTejiBHoe npocTpaHCTBo k opSnTe nceB^orHSpH^a JIh 
Vi Ha Wi b npoH3BOJiBHoe TOMKe #jiji MaTpHMHoe H30TonHMecKoe napBi He 
coBna^aeT c npjiMoe cyMMoe KacaTejiBHBix npocTpaHCTB k opSnraM cootbct 
CTByiomnx nceB^oaJireSp JIh b yKa3aHHoe TOMKe. 

Onpe/i;ejieHHe 5. IlycTB (Vi, V2) -- npoH3BOJiBHaa HsoTonn^ecKaa napa, O - 
opSnra ^eecTBHa nceB,norH6pH,a;a JIh Vi Ha Wi- Onpe^ejiHM 9Kemu6pudnoe 
cjioenue Tsz Ha opSnre O cjie^yiomHM o6pa30M: cjioh jF ag coctoht h3 nap 
(A, B) c coBna,naioiLi,HMH rnSpn^aMH JIh 21 ' (21' = (A,B)). 

runome3a. Hjih npoH3BOJiBHoe H30TonH^ecKoe napBi (Vi, Vi) KacaTejiBHoe npo- 
CTpaHCTBo k opSnre .neecTBHH nceB^orH6pH^;a JIh V\ Ha Wi b npoH3BOJiBHoe 
TOMKe HBJiaeTca cyMMoe KacaTejiBHBix npocTpaHCTB k opSnraM cooTBeTCTBy- 
iobxhx nceB^oaJireSp JIh h k SKBHrHSpH^HOMy cJioeHHio b yKa3aHHoe TO^Ke. 

HaHHaa rHnoTe3a cnpaBe^JiHBa ,hjih MaTpHMHoe H30TonHMecKoe napti. Bo- 
jiee Toro, b stom cjiy^ae aKBHrnSpH^Hoe cjioeHHe nopo^K^aeTca KOMMyTa- 
thbhbim ceMeecTBOM BapnaHHe, KOTopbie mbi SyneM Ha3BiBaTB aKeuzu6pudnuMU 
eapuav,u}fMU. A HMeHHo, #jih npoH3BOJitHoro X e 21' (21' = (A,B)) onpe^ejiHM 
BapnaitHH 8gi(X) cne/iyiomHM o6pa30M: S^(X)(A, B) = (AXA+AXB, AXB + 
BXB). HeTpy^HO noKa3aTB, b stom cjiy^iae b npoH3BOJiBHoe TOMKe opShtbi 
nceB/i;orH6pH/i,a JIh HMeeT MecTO pa3Jio>KeHHe KacaTejiBHoro npocTpaHCTBa 
k opSnTe b npjTMyw cyMMy KacaTejiBHBix npocTpaHCTB k opSnTaM cooTBeT- 
CTByiomHx nceB^oajireSp JIh h 9KBHrH6pH,HHBix BapnaHHe (KOTopBie o6pa3yiOT 
KOMMyTaTHBHyio aJireSpy JIh). KaK cJie^CTBHe, Ha opSnTe nceB^orHSpH^a 
JIh Vi 3a,a,aHO ^eecTBne nceB^oajireSpbi JIh W\ = W\ © 21', r^e ^eecTBne 
W\ onpe^ejiiieTCii ^eecTBHHMH nceB^oajireSp JIh (Vi,m',r') h (Vi,m",T"), a 
^eecTBHe 21' 3a^aHTca aKBHrnSpH^HBiMH BapnaHHaMH. YKasaHHyio nceB^oaji- 
reSpy JIh Wi Sy^eM Ha3BiBaTB zputpcmoM cooTBeTCTByiomee opShtbi nceB- 
^.orHSpH^a JIh. 

3aMenaHue 11. B KOHe^HOMepHOM cjiy^iae ^eecTBHe rpntpoHa Ha opSnTe skc- 
noHeHHHpyeTCH ^;o ^eecTBHH cooTBeTCTByiomee nceB^o(KBa3H)rpynnBi JIh [2- 

4,9]. 

3aMenaHue 12. Pa3Jio>KeHHe KacaTejiBHoro npocTpaHCTBa k opSnTe O nceB- 

fl,orm6pmfl,a JIh Vi b npaMyio cyMMy KacaTejiBHBix npocTpaHCTB k opSnTaM 

A' A" 
nceB^oajireSp JIh (Vi, m A ', M ', r X ',^) h (V 2 , toa», m », ta» iM ») ( 



n' n" 



# 0) 
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9KBHrH6pH^HBix BapHaHHe 03HaHaeT, mto 9KBHrH6pH^Hoe cjioeHHe h pacc- 
jioeHHH V\' 7 fj,', V\" tll " 3a,a;aiOT cerrib [10] Ha opSnTe O nceB^;orH6pH^,a JIh V±. 

Otmcthm TaK>Ke, ^to (nH-l)-Ka (V\ lifJLl , . . .V\ n ^ n ,T az ) ( 






7^ ecjiH 



i 7^ j) 3a^aftT HeKOTopBie o6i.eKT Ha opSHTe O, cBoecTBa KOToporo cxo^.hl.1 
co cBoecTBaMH MHOzoMepnoe n-mKcmu [11,12]. 

3aMenaHue 13. Jlyna, onpe^ejiaeMaa rpn(f)OHOM opShtbi nceB,a;orH6pH,zi,a JIh 
MaTpHMHoe HsoTonH^ecKoe napbi (hjih cooTBeTCTByioniee nceB^o(KBa3H)rpyn- 
noe JIh), h tomkoS opShtbi (A, B) [3,4] ^onycKaeT BJio>KeHHe b ce6a rpynnbi 
£a,^(C), OTBe^aiconee ajireSpe JIh 1(C) (C = \A + (iB), ,a,jia jiioSbix A h //, a 
TaK>Ke KOMMyTaTHBHoe rpynnu, OTBe^aionjee 9KBHrH6pH,a,HBiM BapnaHHaM. 
Onpe^,ejiHM paccjioeHHe P? Ha^ opSnroe O nceB^orHSpH^a JIh, cjioe ko- 

Toporo Hafl tomkoS (A, B) coBna^aeT c (A, B) . B paccjioeHHH Th 3a,naHa 

CBH3HOCTB V TaKaH, HTO 

^T>(Z 1 )+T"(Z 2 ) + 5g Z (Z )((AB),X) = 

((r'iZt) + t"(Z 2 ) + 5 9 z(Z ))(A, B), [Z h X] B + [Z 2 ,X] A ), 

rp,e Zi, Zi G V 2 , Zq,X G (A,B). PaccMOTpnM TaK>Ke ^BoecTBeHHoe pacc- 
jioeHHe V* Hafl O co cjioeM ({A, B) 1 )* Ha^ tomkoS (A, B), b kotopom onpe^e- 
jieHa ^BoecTBeHHaa cbh3hoctb V*. KoBapnaHTHBie npoH3Bo,HHBie b V* b^ojib 
gjieMeHTOB rpH(|)OHa opShtbi 3aMBiKaiOTca ,no .neecTBHa HeKOTopoe nceB^oaji- 
reSpBi JIh, KOTopyio Sy^eM Ha3BmaTB KanoHunecKUM pacmupenueM zputfiotia. 

3aMenaHue 14. Hjih MaTpn^Hoe H30TonHMecKoe napBi cbh3hoctb V* b pacc- 
jioeHHH V* 3a^;aHT no^HHTHe .neecTBna ,ay6jia GL(n,IR) x GL(n,IR) Ha 6a3e ^;o 
ero CBoSo^Horo h TpaH3HTHBHoro ^eecTBHa Ql(n, M.) © gl(n, M.) Ha TOTajiBHOM 
npocTpaHCTBe. KaK cjie^CTBHe, Ha TOTajiBHOM npocTpaHCTBe pacciioeHHa V* 
3a^;aHa nyaccoHOBa CTpyKTypa .nySjia TeeseHSepra [13,14]. 

Onpe^ejieHHe 6 (cp. [2]). IIceB^oajireSpa JIh (g, m, r) Ha3BiBaeTca zaMU/ib- 
moHoeoe, ecjiH cooTBeTCTByioniee MHoroo6pa3He M - nyaccoHOBO h 3a,naHO 
jiHHeeHoe OTo6pa>KeHHe f G Hom(g, O(M)) Tanoe, mto t(X)F = {f(X),F} 
(X G g, F G O(M). Ecjih (g, m, r) - raMHJiBTOHOBa nceB^oaJireSpa JIh BeK- 
tophbix nojiee Ha nyaccoHOBOM MHoroo6pa3HH M, to 6y,a;eM tobophtb, mto g 
^eecTByeT Ha M raMHJiBTOHOBO. 

TeopeMa 2B. IlyaccoHOBa CTpyKTypa Ha V* KHBapnaHTHa othocht6jibho ,nee- 
ctbhh KaHOHH^iecKoro pacniHpeHHa rpn(f)OHa, aBJiaionieroca raMHJiBTOHOBBiM. 

Abtop Ha^eeTca, mto ,a;aHHaa 3aMeTKa nocjiy>KHT CTHMyjioM rjih ycTaHOBJie- 
HHa Sojiee tcchbix cBa3ee MejK^y KJiaccn^ecKHMH HanpaBJieHnaMH (f)yHKHHO- 
HajiBHoro aHajiH3a c o^Hoe ctopohbi h coBpeMeHHBiMH Hccjie/i,OBaHHaMH no 
HejiHHeeHBiM cKoSnaM IlyaccoHa (A.BaeHHiTeeH-M.B.KapacHB-B.II.MacjiOB 
[2]), HejiHHeeHoe reoMeTpH^ecKoe ajireSpe (JI.B.CaSHHHH-n.O.MHxeeB [15, 
16], cm. TaK>*ce [17]) h SecKOHeMHOMepHoe cHMnjieKTH^ecKoe reoMeTpnH c 
^pyroe. 

Abtop Sjiaro^apHT JlaSopaTopnio TeopeTHMecKoe $h3hkh BBicniee Hop- 
MajiBHoe IIIkojibi (napn>K) 3a HCKJiio^HTejiBHyio aTMocc{)epy, b KOTopoe bo3- 
hhk 3aMBiceji 9Toe paSoTBi, h Me>K,ayHapo,zi,HBie HHCTHTyT MaTeMaTH^ecKoe 
$h3hkh HMeHH BpBHHa IIIpii^HHrepa (BeHa), r^e paSoTa SBiJia 3aBepnieHa, 
3a noAAep>KKy h jno6e3Hoe rocTenpHHMCTBO. 
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